A sample of 207 men from the construction industry was studied using an epidemiological technique of crosssectional design to investigate if sport activities involving the arms increase the risk of developing shoulder tendinitis or osteoarthrosis of the acromioclavicular joint. The relative risk for shoulder tendinitis was estimated to be 9.5 on the right side, and 4.9 on the left side for a lifetime of sport activity exceeding 8399h. Subjects who reported both extremely high physical load from work and from sports had an estimated relative risk for signs of shoulder tendinitis of 5.9 on the right side and 10.4 on the left side. High sport activity yielded relative risks of 4.6 on the right side and 2.8 on the left side for osteoarthrosis of the acromioclavicular joint. The combination of high activity in sports and high exposure to load lifted during work yielded relative risks for osteoarthrosis of the acromioclavicular joint of 12.5 on the right side and 6.7 on the left side. There seems to be an increased risk for shoulder tendinitis and acromioclavicular osteoarthrosis for subjects who have been extremely active in sports, and an even higher risk for those who have been extremely active in sports and also report a high exposure to load lifted during work. The aim of this study was to investigate whether long-term exposure to sports involving the arms increases the risk of shoulder tendinitis or osteoarthrosis of the acromioclavicular joint and if heavy work in addition to sports involving the arms further increases that risk.
Sports that involve the arms such as handball, ice-hockey, skiing and weightlifting cause stress and strain to the shoulders, in many ways comparable to that of heavy manual work. Kennedy and Hawkins1 for example, have reported on swimmer's shoulder and several authors have reported on baseball pitching and other sport activities as causes for injury to the shoulder muscles and tendons2-6. It is possible that long-term exposure to sports involving the arms could result in increased risks for shoulder tendinitis or osteoarthrosis of the acromioclavicular joint, but epidemiological methods have previously not been used for risk evaluation of sports in relation to musculoskeletal complaints in the shoulders.
Stress and strain in the workplace are risk factors for shoulder disorders7'8 and in heavy manual work and work involving vibrating tools there is a two-to three-fold increased risk for shoulder tendinitis and osteoarthrosis of the acromioclavicular joint8'9.
The aim of this study was to investigate whether long-term exposure to sports involving the arms increases the risk of shoulder tendinitis or osteoarthrosis of the acromioclavicular joint and if heavy work in addition to sports involving the arms further increases that risk.
Subjects and methods
The source population was drawn from construction industry workers in the Stockholm region and constituted three subgroups: bricklayers, rockblasters and foremen. There were only 75 registered rockblasters in the union files for the Stockholm area. All of these rockblasters were selected and 75 bricklayers and 110 foremen were randomly selected from the local union files to participate in the study. Nineteen bricklayers, 20 rockblasters and 13 foremen did not wish to participate or were unable to participate since they lived in another part of the country or abroad. One bricklayer was excluded from the investigation because of language difficulties. One of the bricklayers had worked for 18 years as a foreman and the last 2 years as a bricklayer and was consequently categorized as a foreman. Thus the persons under study finally comprised 54 bricklayers, 55 rockblasters and 98 foremen.
The mean age was 50.2 for bricklayers, 51.8 for rockblasters and 45.8 for foremen. Dexterity was unevenly distributed between working groups. There were more left-handed and ambidextrous bricklayers and rockblasters than there were foremen.
A summary of the background variables (age, dexterity, smoking habits and citizenship) is presented in Tables 1 and 2 .
The investigation was conducted in three different parts: exposure assessment; clinical examination; and radiographic examination.
A protocol was developed to record estimated life hours of sport activities, load lifted during working life, hours of vibration exposure, smoking habits, dexterity, job titles, years of manual work, and citizenship. The protocol was used by a specially trained nurse who interviewed the participants.
The sport activities were summarized on an annual basis. Common Swedish sport activities that engaged one or both arms were included in the protocol and were: pistol shooting; handball; ice-hockey; golf; tennis; badminton; squash; skiing; swimming; cycling; rallying; weightlifting; wrestling; gymnastics; and a miscellaneous category including all other arm sport activities not specified in the list (e.g. boxing, goalkeeper in soccer, javelin throwing, discus throwing and cycling). Each activity was reported as hours per day, per week, and per year and the hours were summarized. The reported hours of each sport activity for the different job titles is presented in Table 3 .
The sport activity hours were classified into three classes 0-5279 life hours, 5280-8399 life hours and >8399 life hours. The value 5280 was chosen since it was the median value for all the subjects, the higher value, 8399, was chosen since 5% of the participants reported having been active for more than 8399 h which represents a little more than 8 h a week every single week for 20 years. Exposure to more than 8399 life hours of sports was considered in the calculations to be a high exposure to sport, whereas less than 5280 reported life hours was considered to be a low exposure to sport. Load lifted during work was summarized on an annual basis. The participant calculated how many days he had worked per year, how many loads he 225 days a year for 20 years. In the analyses exposure to more than 25999 tonnes was considered to be a high exposure and exposure to less than 710 tonnes was considered to be a low exposure. The different exposures to sports and work were analysed as: (1) sport activity hours during life; (2) sport activity hours in combination with the sum of load lifted during working years.
Dexterity was categorized as right-handed, lefthanded or ambidextrous. The left-handed and ambidextrous were put together in one group in the analyses since few were left-handed and most of the ambidextrous workers had been left-handed as children.
Bricklayers work with equal loads in each hand and rockblasters also lift their tools and materials with both hands. Thus dexterity may have little significance for work exposures. In the different sport activities dexterity may play a role. To allow for the possible effect of dexterity it was included in all the logistic regression analyses. 
Data analyses
The data were analysed in unconditional logistic regression analyses. The background variables of age and dexterity were fitted into the unconditional multiple logistic regression analysis in all models. The job title was entered in the analyses to adjust for work in the analyses of sports. In all logistic regression models, left and right sides were calculated separately.
The analyses were performed using the EPILOG computer program (Epicenter Software, Pasadena, California, USA). Results were presented as relative risks, estimated as odds ratios with confidence intervals. Background variables were presented as means with standard deviation.
Results
The risk for signs of shoulder tendinitis for those who had been active in sports involving the arms for more than 8399h during life, compared with those who reported less than that, was 9.5 on the right side and 4.9 on the left (Table 4) . Sport activities classified in 0-5279, 5280-8399 and >8399 h during life yielded odds ratios of 2.1 on the right side and 1.8 on the left side. In the comparison of the risk for those who had been active >8399 h compared with those who belonged to the low-activity group, relative risk estimations for signs of tendinitis were 8.8 on the right side and 4.6 on the left side ( Table 4) .
The risk for signs of shoulder tendinitis for subjects who indulged in high sports activity (>8399 life hours) and had reported an extremely high exposure to load lifted (>26 000 tonnes) were 5.9 on the right side and 10.4 on the left side ( Table 5) .
The results were similar in the multiple logistic regression models for the radiographic and clinical signs of osteoarthrosis of the acromioclavicular joint. Sport activity of more than 8399 h yielded odds ratios of 4.6 on the right side and 2.8 on the left side. Sport activities in three classes yielded odds ratios of 1.5 on the right side and 1.3 on the left side. The highest exposure group compared with the lowest yielded an odds ratio of 4.3 on the right side and 2.6 on the left side with wide confidence intervals ( self-reported lifts did not occur in the workplace and that only 10% of the workers reported correct weights and frequencies of materials handled. It is obvious that there is some difficulty in remembering how many hours one has spent in sporting activities during the years. There is, however, no indication that the upper 5% of sports active participants would exaggerate the time they allocated to sport but if so it would diminish a truly increased risk. Classifying the exposure parameters in broad classes was one way of making the exact values in the present study less important.
Age can result in a differential misclassification of exposure assessment since older people in general may have more difficulty in recalling exposure than younger people. This would also diminish a truly increased risk. There was no indication of a differential misclassification of exposure such that subjects with signs of tendinitis or acromioclavicular osteoarthrosis exaggerated their exposure while the subjects without these afflictions did not.
Misclassification of outcome
The pain reactions to palpation and isometric contraction were each classified into one of three different grades. In the calculations only grade 3 (pronounced pain reaction) was classified as a positive sign of tendinitis or muscle attachment inflammation. The difference between grades 2 and 3 is relatively distinct. Grade 3 was assessed when the insertion was extremely tender and resulted in a recoil reaction, whereas grade 2 represented a moderate reaction to palpation or isometric contraction. Choosing only grade 3 as a relevant sign for tendinitis was one way of reducing misclassification of outcome.
Osteoarthrosis of the acromioclavicular joint was classified according to Collins"1 into one of five different grades. In the calculations, grades 0 and 1 were combined as no osteoarthrosis and grades 2 and 3 were combined as osteoarthrosis. The difference between grades 1 and 2 is relatively distinct. In order to minimize the risk of misclassification all radiographs were graded by the author and a radiologist in one session.
Confounding
Age is a possible confounding variable and was included in all the multiple logistic regression models. Smoking and dexterity were first entered in all models but smoking was removed from the models since it did not have confounder properties. Manual work has previously been demonstrated to have an influence on the development of osteoarthrosis of the acromioclavicular joint and on tendinitis of the shoulder8". Sport activities were furthermore unevenly distributed among the three job titles (Table 7) , hence job title had confounder properties and was entered in all regression models.
External validity
There are a few studies that have been published on osteoarthrosis of the hip in relation to sports15-17 and one of them also reports on sports in relation to osteoarthrosis of the knee joint15 but none of these studies has evaluated the exposure to sports in terms of time. In a study by Vingard and co-workers18, however, long-term sport activities were studied in 233 men with osteoarthrosis of the hip and recent hip prosthesis replacement. These men were compared to a group ot 302 randomly selected men and evaluated with reference to long-term exposure to sports. Men with high exposure to sports were found to have a relative risk of osteoarthrosis of the hip of 4.5 compared to the group with low exposure. The findings of a higher risk for osteoarthrosis in the acromioclavicular joint for subjects who have been extremely active in sports in the present study is consistent with these findings. Vingard and coworkers also found that men who had been exposed to high physical load from occupation and sports had an even higher relative risk (RR = 8.5) of developing osteoarthrosis of the hip18. In the present study a similar pattern of high odds ratios was demonstrated for osteoarthrosis of the acromioclavicular joint as well as for shoulder tendinitis as a result of the combination of extreme sport activities and extreme load lifted.
Shoulder tendinitis and its relation to sports has previously been reported in the literature. Kennedy and Hawkins1 have reported on swimmer's shoulder and several authors have reported on baseball pitching and other sport activities as causes of injury to the shoulder muscles and tendons2-6 but epidemiological methods have previously not been used in risk evaluation of sports related to different musculoskeletal complaints in the shoulders.
In the analyses of osteoarthrosis of the acromioclavicular joint, job title had higher odds ratios than sport activity. This finding indicates that the working factor might be of greater importance for the development of osteoarthrosis than sport activities. A possible reason for this is that the work tasks contain vibration exposure and more static loading.
In the analyses of signs of tendinitis, job title yielded lower odds ratios than sport activities. A possible explanation of this finding is that high exposure to sports of this magnitude (>8399 h) is in fact more hazardous to the shoulder muscles than work as a bricklayer or a rockblaster.
Long-term sport activities that involve arm loads seem to be hazardous to the rotator cuff muscles, the biceps muscles and the acromioclavicular joints. Furthermore the combination of high physical work load and extremely high sport activity seems to be an even greater risk for clinical signs of osteoarthrosis of the acromioclavicular joint and for signs of shoulder tendinitis.
